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1

METHOD AND SYSTEM FOR
DETERMINING THE TYPE OF FUEL USED
TO POWER A VEHICLE

FIELD OF THE INVENTION

The present invention relates generally to vehicle emis-
sions sensing systems. More particularly, the present inven-
tion relates to a method and system for determining, based
on emissions data, the type of fuel that is used to power a
vehicle.

BACKGROUND OF THE INVENTION

To determine whether a vehicle is compliant with emis-
sions standards, a knowledge of the fuel type is required, as
different fuel types will exhibit different mixes of hydrocar-
bon species in exhaust. For example, a mix of hydrocarbons
emissions that may comply with applicable emissions stan-
dards for diesel fuel may not comply with emissions stan-
dards that are applicable to another fuel such as gasoline.
Thus, if the type of fuel that is used by the vehicle is not
known, false readings of compliance or noncompliance with
emission standards may result. In addition, as alternative
fuels are developed, additional methods of determining fuel
type become important to determine compliance with fuel
type restrictions, manufacturer’s specifications, and emis-
sion regulations.

Unfortunately, current vehicle emissions measurement
systems are not capable of automatically and reliably deter-
mining the type of fuel that is used to power the engine of
a vehicle. This problem exists in both closed path and open
path emissions measurement systems. In a closed path
system, in which the emissions sensor is directly connected
to the exhaust of the vehicle, attempts to overcome this
problem have been limited to asking the vehicle’s owner
what type of fuel has been placed into the vehicle’s fuel tank,
as well as directly siphoning fuel and performing tests on
such fuel. However, asking the vehicle’s owner is often an
unreliable method of determining fuel type, and chemical
analysis of fuel contained in the fuel tank is expensive and
time-consuming. For open path vehicular emissions mea-
surement systems, in which emissions data are collected by
a means other than a direct connection to the tailpipe, such
as a remote sensor that analyzes the components of
emissions, the problem exists to a greater degree, as open
path vehicular emissions systems are desirable in areas
along roadways where, because the vehicle is moving, the
vehicle’s owner cannot be asked fuel type, and fuel samples
cannot be taken.

Also with an open path vehicular emissions testing
system, the fuel type of a tested vehicle is obtained by
matching the vehicle’s license plate against registration
records that include fuel type information. This information
can be incorrect because of benign misinformation in the
registration database, or intentional, if a vehicle owner
converts the vehicle to a different fuel type without inform-
ing the keepers of the registration database. For example, a
vehicle registered to be diesel-powered is most likely to be
exempted from periodic emissions inspections. However if
the vehicle is converted to being gasoline powered without
the knowledge of the keepers of the registration database,
the vehicle should become subject to periodic inspection.
This is a circumvention of vehicular emissions laws.

Accordingly, it is desirable to provide an improved
method and system for automatically determining the type
of fuel used to power a vehicle based on data corresponding
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2

to the emissions of the vehicle. It is also desirable that the
method and system be capable of application in both closed
path and open path vehicle emissions measurement systems.

SUMMARY OF THE INVENTION

It is therefore a feature and advantage of the present
invention to provide a method of automatically determining
the type of fuel used to power a vehicle based on emissions
data.

The above and other features and advantages are achieved
through the use of a novel fuel type determination method
and system as herein disclosed. In accordance with one
embodiment of the present invention, a method of deter-
mining the type of fuel used by a vehicle includes the steps
of receiving first data and second collected by an emissions
sensor. The first data corresponds to at least two measured
hydrocarbon concentrations in a vehicle exhaust stream;
while the second data corresponds to measured nitrogen-
oxygen compound concentrations in the vehicle exhaust
stream. The method also includes the steps of identifying at
least one hydrocarbon threshold level corresponding to a
first fuel type, comparing the first data to at least one of the
hydrocarbon threshold levels; and determining whether the
measured hydrocarbon concentrations correspond to at least
one of the hydrocarbon threshold levels. In addition, the
method includes identifying at least one nitrogen-oxygen
compound threshold level corresponding to the first fuel
type, comparing the second data to at least one of the
nitrogen-oxygen compound threshold levels, and determin-
ing whether the measured nitrogen-oxygen compound con-
centrations correspond to at least one of the nitrogen-oxygen
compound threshold levels.

In accordance with this embodiment, if the first determin-
ing step determines that the measured hydrocarbon concen-
trations do not correspond to at least one of the hydrocarbon
threshold levels, the method may comprise the additional
steps of identifying at least one hydrocarbon threshold level
corresponding to a second fuel type, comparing the data to
at least one of the hydrocarbon threshold levels correspond-
ing to the second fuel type, and determining whether the
measured hydrocarbon concentrations correspond to at least
one of the hydrocarbon threshold levels corresponding to the
second fuel type. In addition, if the second determining step
determines that the measured nitrogen-oxygen compound
concentrations do not correspond to at least one of the
nitrogen-oxygen compound threshold levels, the method
may include the additional steps of: identifying at least one
nitrogen-oxygen compound threshold level corresponding to
a second fuel type, comparing the second data to at least one
of the nitrogen-oxygen compound threshold levels corre-
sponding to the second fuel type, and determining whether
the measured nitrogen-oxygen compound concentrations
correspond to at least one of the nitrogen-oxygen compound
threshold levels corresponding to the second fuel type.

The threshold levels are preferably stored in a computer
memory or carrier, and may optionally comprise a percent-
age or a range. When the threshold level comprises a
percentage, correspondence preferably comprises a determi-
nation that the measured concentration is equal to or greater
than the percentage. Where the threshold level comprises a
range, correspondence preferably comprises a determination
that the measured concentration falls within the range.

In accordance with an alternate embodiment of the
present invention, a method of determining the type of fuel
used by a vehicle includes the step of receiving data col-
lected by an emissions sensor, wherein the data corresponds



US 6,745,613 B2

3

to a plurality of measured hydrocarbon and nitrogen-oxygen
compound concentrations in a vehicle exhaust stream. The
method also includes calculating, for each of a plurality of
possible fuel types, an associated probability. The associated
probability corresponds to the plurality of measured hydro-
carbon and nitrogen-oxygen compound concentrations. The
method also includes selecting a highest probability from the
associated probabilities and reporting the possible fuel type
having the associated probability that is the highest prob-
ability.

In accordance with either of the above-described
embodiments, the fuel types preferably include diesel fuel,
gasoline, compressed natural gas, methanol, reformulated
gasoline, and/or liquified petroleum gas. Where a fuel type
comprises diesel fuel, the methods preferably include com-
paring measured concentrations to threshold levels of meth-
ane and carbonyl species comparing measured concentra-
tions to threshold concentrations of nitrogen dioxide. Where
a fuel type comprises compressed natural gas, and the
methods preferably include summing measured concentra-
tions of alkanes, alkenes, alkynes, and methane and com-
paring the measured concentration of methane to the total
sum. Where a fuel type comprises liquified petroleum gas,
the method preferably includes (i) determining a total hydro-
carbon measurement comprising a sum of measured con-
centrations of alkanes, alkenes, alkynes, and methane; (ii)
determining a percentage of propane relative to the total
hydrocarbon measurement; and (iii) determining whether
the percentage of propane exceeds a predetermined propane
threshold. Where a fuel type comprises methanol or refor-
mulated gas, the method preferably includes: (i) identifying
relative concentrations of carbon, hydrogen, and oxygen that
are typical for a reference fuel; (ii) determining whether the
relative concentration of oxygen is greater than zero; (iii)
selecting, from the measured hydrocarbon concentrations, a
first concentration corresponding to alkanes and a second
concentration corresponding to methanol and reformulated
gasoline species; (iv) scaling the first concentration and the
second concentration to adjust for at least one interference;
and (iv) comparing the first concentration and the second
concentration.

Another embodiment of the present invention provides a
system for the implementation of one or more of the
above-described methods. The system includes an emissions
sensor or other means capable of measuring hydrocarbon
and nitrogen-oxygen compound concentrations in a vehicle
exhaust stream. The system also includes a processor in
communication with the emissions sensor, and a memory or
other carrier in communication with the processor. The
carrier contains computer program instructions that instruct
the processor to implement one or more of the above-
described methods.

There have thus been outlined the more important features
of the invention in order that the detailed description thereof
that follows may be better understood, and in order that the
present contribution to the art may be better appreciated.
There are, of course, additional features of the invention that
will be described below and which will form at least part of
the subject matter of the claims appended hereto.

In this respect, before explaining at least one embodiment
of the invention in detail, it is to be understood that the
invention is not limited in its application to the details of
construction and to the arrangements of the components set
forth in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments and of
being practiced and carried out in various ways. Also, it is
to be understood that the phraseology and terminology
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employed herein, as well as the abstract included below, are
for the purpose of description and should not be regarded as
limiting in any way.

As such, those skilled in the art will appreciate that the
concept and objectives, upon which this disclosure is based,
may be readily utilized as a basis for the design of other
structures, methods and systems for carrying out the several
purposes of the present invention. It is important, therefore,
that the claims be regarded as including such equivalent
constructions insofar as they do not depart from the spirit
and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating several hardware
components of preferred embodiments of the present inven-
tion.

FIG. 2 is a flow chart illustrating the steps of a preferred
embodiment of the selective elimination method of the
present invention.

FIG. 3 is a block diagram of steps that may be followed
in accordance with a preferred embodiment of the statistical
election method of the present invention.

FIG. 4 is a flowchart illustrating the steps that may be used
to determine the likelihood that vehicle emissions are indica-
tive of diesel fuel.

FIG. 5 is a flowchart illustrating the steps that may be used
to determine the likelihood that vehicle emissions are indica-
tive of liquefied petroleum gas.

FIG. 6 is a flowchart illustrating the steps that may be used
to determine the likelihood that vehicle emissions are indica-
tive of compressed natural gas.

FIG. 7 is a flowchart illustrating the steps that may be used
to determine the likelihood that vehicle emissions are indica-
tive of methanol or reformulated gasoline.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Apreferred embodiment of the present invention provides
a method of determining the type of fuel used by the engine
of a vehicle based on measurements of speciated hydrocar-
bon and nitrogen-oxygen compund (NO,) emissions
detected in the exhaust stream of the vehicle. The method
receives information from an emissions sensor that measures
such speciated hydrocarbon and NO,, emissions. The sensor
may be an open path sensor, such as a remote sensor that
detects hydrocarbon emissions using methods such as ultra-
violet and/or infrared light transmission, reflection, and
detection; sound wave transmission, reflection, and detec-
tion; or any other method. In the alternative, the emissions
sensor may be a closed path emissions sensor that is directly
connected to the exhaust pipe of a vehicle to measure
exhaust through one of the methods described above for
open path emissions, or through a direct analytical method.

FIG. 1 illustrates several elements of a preferred embodi-
ment of the present invention. Referring to FIG. 1, an
emissions sensor 20 delivers emissions-related data to a
processor 22. In the embodiment illustrated in FIG. 1, the
emissions sensor is part of the unit that contains the pro-
cessor and the delivery is performed by a direct link such as
a serial bus 24. However, the processor and emissions sensor
may be separate, such as with the remote emissions sensor
36 illustrated in FIG. 1. Where a remote emissions sensor is
used, the emissions data may be delivered to the processor
22 by a communications link 42 that delivers the data to an
input port 38 such as a communications port. An optional
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wireless communications link 44 and receiver for such a
wireless communication 46 are also illustrated in FIG. 1.
The communications link 42 may be a direct wire, a wireless
communications link, a global communications network
such as the internet, or any other communications medium.
In fact, although the present invention preferably uses data
collected by an emissions sensor, it is not necessary to have
an emissions sensor to practice the present invention, so long
as emissions-related data is used.

Returning to FIG. 1, the system also includes a memory
26 which may be a memory such as a hard drive, random
access memory and/or read only memory. Other memory
devices 28 and 30 such as a CD-ROM, CD-R, DVD, floppy
drive, ZIP drive, microdrive, compact flash, or other
memory device may also be included. The device also
optionally and preferably includes a display 32 and/or a
transmitter 34 for providing output to a user or another
device.

There are at least five major types of fuels used to power
motor vehicles. These major types include gasoline and
reformulated variations of gasoline, diesel fuel, compressed
natural gas (CNG), liquified petroleum gas (LPG), and
methanol. FIG. 2 illustrates a first preferred embodiment of
the present inventive method of detecting fuel type based on
these types of fuels. In accordance with this method, referred
to herein as selective elimination, the method progressively
compares the emissions data to anticipated indicators for
individual fuel types. Preferably, the method starts with a
fuel type that is easier to detect, such as diesel fuel as
illustrated in FIG. 2, and proceeds to fuel types that are more
difficult to detect, such as methanol as also illustrated in FIG.
2. In addition, other and/or additional fuel types may be
checked, and the fuel types listed in FIG. 2 are only intended
to be exemplary, although they are preferred. However, it is
not necessary that the ordering of the selective elimination
method followed this order or exactly corresponds to the
order illustrated in FIG. 2. In accordance with this method,
the fuel type checks abort when there is a positive identifi-
cation of a particular fuel. This methodology lends itself
well to faster processing because not all of the fuel types
need to be checked.

Referring to FIG. 2, the method includes first checking the
speciated hydrocarbon and NO,, emissions measured by the
emissions sensor against certain diesel fuel indicators (step
50). (A more detailed description of the methods of checking
speciated emission measurements versus fuel type indicators
will be presented below in the discussion relating to FIGS.
4-7.) If the check against the diesel fuel indicators yields a
positive result (step 52), the system concludes that the fuel
type has been positively determined (step 66). Optionally
and preferably, the fuel type is then reported, whether on a
display or through a transmitter or through some other
communications means. Additionally, the fuel type may be
stored in a memory in addition with other data related to the
vehicle. Optionally, the emissions data record stored in
memory can be flagged to indicate that the tested vehicle is
diesel-fueled. If the method does not conclusively determine
that the fuel type was diesel fuel, system may check a next
indicator, such as those for CNG (step 54) to determine
whether the measured hydrocarbons corresponds to the
indicators for compressed natural gas (step 56). This proce-
dure repeats for additional fuel types, such as LPG (step 58),
and/or methanol and reformulated gasoline (RFG) (step 62).
If none of the fuel type checks conclusively identifies a fuel
type (step 4), the system optionally and preferably defaults
to an assumption that the fuel type is gasoline or some other
default fuel (step 68).

10

15

20

25

30

35

40

45

50

55

60

65

6

An alternate embodiment of the present invention,
referred to herein as statistical election, may be used to
preferably achieve an improved potential for precision and
accuracy of fuel type determination. The preferred elements
of the statistical election method are illustrated in FIG. 3.
Referring to FIG. 3, a plurality of fuel type checks are
performed by comparing hydrocarbon and nitrogen-oxygen
(NO,) compound emissions detected in a vehicle exhaust
against the indicators for a plurality of fuel types. FIG. 3
illustrates the check being performed for diesel fuel (step
70), CNG (step 72), LPG (step 74) and methanol/RFG (step
76). However, it is not necessary that each of these fuel types
be checked, and additional fuel types may also be check in
accordance with the present invention.

After each fuel type is checked, the results of each check
are scored based on the probability that the vehicle emis-
sions match each of the fuel types (step 78). A higher
probability would result from a determination that hydro-
carbons and NO,, found in the emissions are closer to, or
preferably exceed, threshold indicators for a particular fuel
type. The system scores each fuel type (step 80) by identi-
fying the fuel type corresponding to the highest probability.
These scores are then compared, and in particular the highest
score is compared with the next highest score (step 82),
because the wider the gap between the fuel type with the
highest score and the next highest, the more confident that
the determination will be. Although the system may option-
ally simply report that the fuel type having the highest score
is the actual fuel type of the vehicle, preferably the method
first determines whether the highest score is above a thresh-
old score and that there is a large gap between the top two
fuel type scores (step 84) before reporting a positive fuel
type determination (step 86). If the highest score is not
above a threshold or the gap between the two highest scores
is very narrow, the system may report a default fuel type
such as gasoline (step 88).

The results of the statistical election method address the
certainty of the absence as well as the presence of fuel type
indicators. For instance, diesel-fueled vehicles have a par-
ticular hydrocarbon signature. This signature includes (as
compared to gasoline) a greater amount of methane, a higher
concentration of carbonyl compounds, coupled with distinct
NO, relationships. If there is a significant amount of nitro-
gen dioxide (NO,) relative to total NO,, in the exhaust, then
it is also not likely that any other type of fuel being tested
would create the exhaust signature that is being measured.
An elevated measurement of NO,, significant concentrations
of carbonyl compounds, and elevated methane in the
exhaust sample all contribute to a high statistical likelihood
that the fuel type for the measured exhaust is diesel.
However, clevated methane also occurs for CNG, so the
methane test by itself does not contribute as much to the total
score. Additionally, a lack of NO, almost certainly means
that the fuel type cannot be diesel.

FIG. 4 illustrates the steps that are followed to check
hydrocarbon emissions measured in a vehicle exhaust
against diesel fuel indicators. The data collected for this
determination preferably includes but is not limited to
methane, nitrogen-oxygen species (such as NO and NO,),
and carbonyl compounds such as those listed in the follow-
ing table.
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WAVELENGTH
COMPOUND TYPE (nm)
Formaldehyde Aldehyde 325
Acetaldehyde Aldehyde 285
Acetone Ketone 278.0
Propionaldehyde Aldehyde 293.0
2-Butanone Aldehyde 278.0
Benzaldehyde Aromatic 284.1
Aldehyde
2-Pentanenone Carbonyl 284.0
o-Tolualdehyde Aromatic 292.2
Aldehyde
m-Tolueldehyde Aromatic 292.4
Aldehyde
p-Tolualdehyde Aromatic 285.5
Aldehyde
Phenol Aromatic 2751
Alcohol
NO 226
NO, 435

Carbonyl compounds comprise about 5% of the total
hydrocarbons in gasoline exhaust. However, the percentage
of carbonyl compounds in diesel exhaust is about four times
higher than gasoline emissions. Diesel exhaust also contains
a higher percentage of aromatic carbonyl compounds and
unsaturated carbonyl compounds than gasoline exhaust.
Formaldehyde, acetaldehyde and acetone exist in high con-
centrations from both diesel and gasoline exhausts.

In general, the top ten gasoline exhaust carbonyl com-
pounds are formaldehyde, acetaldehyde, acetone, heptanal,
crotonaldehyde, 2-butanone, propanal, acrolein,
methacrolein, and benzaldehyde. The top ten diesel exhaust
carbonyl compounds are formaldehyde, acetaldehyde,
acetone, crotonaldehyde, m-tolualdehyde, 2-pentanone,
benzaldehyde, 2,5-dimethylbenzaldehyde and 2-butanone.
Formaldehyde, acetaldehyde and acetone account for about
76% of carbonyl emissions in gasoline but only about 50%
of carbonyl emissions in diesel.

FIG. 4 illustrates a method of checking whether a fuel
type is diesel fuel in accordance with the present invention.
The method begins by resetting a diesel indicator score to
zero or a predetermined baseline level (step 89). The system
considers methane data (step 90) nitrogen oxide species data
(step 92) and carbonyl species data (step 94). For the
methane data, if the percentage of methane contained in the
vehicle exhaust stream is greater than or equal to a threshold
that is preferably twice that expected for gasoline (step 96),
an increment is added to the diesel indicator score. If the
methane level exceeds twice that which is expected for
gasoline, the system increments the diesel indicator score
(step 98) to reflect a higher likelihood that the fuel is diesel
fuel.

The system also calculates total NO, (step 100) and
determines whether the percentage of NO, exceeds a thresh-
old that is preferably 1.5 times that which is typical for
gasoline emissions (step 102). If the percentage of NO,
relative to total NO, exceeds the threshold, the diesel
indicator score is also incremented (step 98).

Similarly, all carbonyl species are summed (step 104), and
the system checks whether the total carbonyl concentrations
exceed a threshold that is preferably five times that which is
typical for gasoline fueled vehicles (step 106), and if so the
diesel indicator score is then incremented (step 98). Once all
of the comparisons are done, a weighted average is calcu-
lated (step 110), and the system determines whether the

10

15

20

25

30

35

40

45

50

55

60

8

weighted average exceeds a threshold level (step 112). If the
weighted average exceeds the threshold, the system assumes
that the vehicle is using diesel fuel (step 114). If the
weighted average does not exceed the threshold, the system
assumes that the fuel type is not diesel (step 116). In the
embodiment that comprises statistical election, a probability
may also be calculated based on the weighted average of the
indicators and the threshold or based on other factors.

FIG. 5 illustrates a preferred embodiment of the process
of checking for whether vehicle emissions are indicative of
LPG. LPG, a by-product of natural gas and petroleum
refining, is a blend of propane and n-butane. United States
regulations currently require propane to be the primary
ingredient of automotive LPG, but in other parts of the world
many blends of propane and n-butane are currently used.
Regular or reformulated gasoline exhaust contains about 1%
propane while LPG exhaust has propane concentrations of
30% or higher, depending upon the fuel blend used. The
n-butane values are also somewhat higher than the concen-
trations found in regular or reformulated gasoline. As a
result of propane concentrations being much higher for LPG
than other fuel types, propane is an indicator emission in
exhaust.

The difficulty is that propane has several absorption peaks
that appear in more than one detector channel in a multi-
channel hydrocarbon (HC) sensing system. Therefore, addi-
tional steps must be taken to remove the propane from other
potential HC species. One embodiment of a method using
discrete broadband HC detectors is to essentially superpo-
sition the propane response on each detector by removing
the signal from as many other HC species that absorb in
spectra for the given detector. This leaves only a propane
response from the broadband detector.

For instance, propane belongs to the alkanes series of HC.
If a second alkanes series channel exists in the system, such
as methane, the signal on the detector contributed by other
alkanes can be removed or scaled for each channel based
upon an analysis of the detector’s theoretical response to the
HC species other than propane. Once all of the scaling is
done, the remaining signal should be propane. Then com-
pare the theoretical response from propane on the two
detectors given the optical bandpass for each detector. From
this comparison, a reasonable estimate can be made of
propane found in the exhaust. The final step for LPG
determination is to compare the calculated propane response
of the system to the total amount of HC in the exhaust. If the
propane is 30% or more of the total HC measurement, then
there is a strong probability that the fuel is LPG.

Another embodiment of an LPG detection method is to
use a spectrometer sensitive to the infrared region that has
sufficient resolution to allow for a more direct measurement
of propane. In this embodiment, assuming that the spec-
trometer has a fast enough response time, all detected HC
species can be summed, then compared against the amount
of propane measured. If the propane is 30% or more of the
aggregate HC, then the vehicle is most likely fueled with
LPG.

As noted above, FIG. 5 illustrates the above-described
procedure in block diagram format. Data relating to species
of alkanes, alkenes, alkynes, and methane are collected
(steps 120, 122, 124, and 126), and the concentrations
associated with each of such hydrocarbon species are
summed (step 128). In accordance with the first embodiment
described above, the system may then scale and/or remove
interferences associated with propane (step 130) and then
compare the overlap of alkanes and methane. In the
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alternative, steps 130 and 132 may be skipped if the system
is equipped to receive a more direct measurement of pro-
pane. In either embodiment, whether propane is calculated
based on total hydrocarbon species determinations or by
direct measurement, the percentage of propane as a total of
the hydrocarbon species is calculated (step 134). If the
percentage of propane is 30% or more of the total hydro-
carbon method (step 136), the system determines that there
is a strong likelihood that the vehicle is LPG fueled (step
140). If the percentage of propane is less than 30%, the
system presumes that the fuel type is not LPG (step 138).

A preferred embodiment of the present inventive method
of checking whether the fuel type is CNG is illustrated in
FIG. 6. The main component of CNG fuel is methane. Thus,
methane can be found in very high concentrations in CNG
exhaust. Studies have found methane exhaust concentrations
in the range of 75-88%. For this reason, a CNG-fueled
vehicle will have an overwhelming amount of signal on the
methane detector relative to all other hydrocarbon channels.

Like the method of checking whether a fuel type is LPG,
FIG. 6 illustrates that the method also includes collecting
data relating to alkanes, alkenes, alkynes, and methane in
emissions (steps 150, 152, 154, and 156) for the CNG fuel
type determination process. Using such information, the
system sums all of the species (step 158) and calculates the
percentage of methane existing in the sum of all the hydro-
carbon species (step 160). The system then checks to see
whether the percentage of methane equals or exceeds 75%
(step 162). If the percentage of methane equals or exceeds
75%, the system determines that there is a strong likelihood
that the vehicle is CNG fueled (step 164). If the percentage
of methane is less than 75% of all hydrocarbon species, the
system presumes that the fuel type is not CNG (step 166).

Methane burns at a lower temperature than gasoline,
causing CNG exhaust to have a lower temperature than
gasoline exhaust. As a result, catalytic converters designed
for gasoline are less efficient at oxidizing pollutants in CNG
exhaust. The LPG flame is hotter and consequently catalytic
converters are more efficient at oxidizing LPG exhaust than
CNG exhaust.

FIG. 7 illustrates the steps that may be followed to
determine whether a fuel type is methanol or reformulated
gasoline (RFG). In carbon monoxide and ozone nonattain-
ment areas, the Clean Air Act Amendments of 1990 require
the use of gasoline additives that contain oxygen, such as
ethanol or methyl tertiary butyl ether (MTBE). Gasoline
containing oxygen additives are designed to help automobile
engines to burn fuel with more complete combustion,
thereby reducing emissions of volatile organic compounds
(VOCs) and carbon monoxide.

The Oxygenated Fuels Provision of 1992 details gasoline
specifications for 39 metropolitan areas that do not meet
carbon monoxide air quality standards. Oxygenated gasoline
sold in carbon monoxide nonattainment areas must contain
2.7% oxygen by weight and is required to be sold only
during the winter months. The Reformulated Gasoline Pro-
vision of 1995 gives specifications for metropolitan areas
that are in severe or extreme ozone nonattainment. RFG
must contain 2.0% oxygen by weight and unlike the oxy-
genated gasoline must be sold all year round. RFG is also
required to have a higher Reid vapor pressure and lower
concentrations of benzene. It is most likely in these nonat-
tainment areas where vehicle emissions testing will take
place. Therefore, it is highly likely that vehicles sampled for
their emissions will be fueled with RFG.

French researchers have discovered that methanol is a
combustion product of oxygenated compounds as well as
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n-hexane and isooctane. Methanol therefore can be an
interference with the determination of RFG. However, etha-
nol and MTBE were found in exhaust only when it was
added to the original fuel. Given the potential for interfer-
ences with each other for the determination of these fuel
types, it is best to check for each fuel type within the same
algorithm.

MO is a base gasoline with no methanol added, M15 is
15% methanol, M50 is 50% methanol, M85 is 85% metha-
nol and M100 is pure methanol. Large quantities of metha-
nol seem to be present in the exhaust of methanol fuel,
particularly when the original fuel contains a high concen-
tration of methanol. The methanol fuel type determination
will be most effective in areas where automotive fuels are
mostly alcohol.

Methanol is highly corrosive and requires special fuel
plumbing of materials that are not affected by the corrosive-
ness. This makes methanol a less likely fuel type when many
types of fuels are available in a given region. This fact assists
also in the determination of methanol in areas such as the
United States where it is currently not very likely that
methanol will be a fuel of choice.

For effective determination of either of these fuel types
mentioned in this segment of the disclosure, it is useful to
have a file for a system to have advanced knowledge of the
predominant fuel type in the region where emissions testing
is taking place. The fuel type needs to be expressed to the
system in terms of the Carbon:Hydrogen:Oxygen (C:H:0)
mix within the fuel. The following short table is an example
of the C:H:O mix of typical fuels:

Wt Fraction Wt Fraction Wt Fraction

Fuel C H O Formula
Diesel 0.86 0.14 0 CH; 6500
Regular gas 0.87 0.13 0 CH; 7600
Reformulated 0.85 0.13 0.02 CH, ¢,0 g1¢

An oxygenated fuel such as RFG will have an oxygen
weight fraction that is non-zero. This helps the system
determine if it is even possible for an oxy-fueled vehicle to
be tested. Once this is determined, then measurement of the
alkanes series of HC and a measurement of a discrete
methanol/RFG HC are taken.

After removing potential overlaps of other HC species
from the two mentioned HC channels, a comparison is made
on how significant the signal from the methanol/RFG chan-
nel is relative to the signal on the alkanes channel. A
methanol-fueled vehicle will have a greater proportion of the
aggregate of the two HC channels in proportion to the mix
of methanol that exists in the fuel. However, a non-methanol
fueled vehicle will have virtually the same signal on the
alkanes as the methanol/RFG specific channel. An RFG-
fueled vehicle will have a slightly greater signal on the
methanol/RFG channel than the broader alkanes series chan-
nel. Combining the fact that it is predetermined in a setup file
within the fuel type determination system that there is the
possibility of RFG with the actual emissions measurements
gives a reasonable statistical likelihood that RFG is the fuel
type for the tested vehicle.

As noted above, these steps are illustrated in FIG. 7.
Referring to FIG. 7, the steps that may be followed to
determine whether a fuel type is methanol or RFG include
obtaining information relating to a fuel type expected to be
found in the particular area (step 180) and calculating the
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C:H:0 mix that would be expected to be found in the typical
fuel (step 182). A methanol/RFG probability flag is set if the
oxygen coefficient in the C:H:O: ratio is anything other than
zero (step 184). The alkanes species and methanol/RFG
species are measured (steps 186 and 188) and methanol,
ethanol, and MTBE interferences are removed (step 190). If
the signal on the methanol/RFG channel is determined to be
significantly greater than that on the alkanes channel (step
192), the method assumes that the vehicle is fueled by
methanol (step 184). If the methanol/RFG signal is greater
than the alkanes signal, but not significantly so (step 196),
and the probability flag has been set (step 198), then the
method assumes that the vehicle is fueled by an RFG such
as ethanol or MTBE (step 200). If the methanol/RFG signal
is not greater than the alkanes signal, or if the probability
flag is not set, the method determines that the test is
inconclusive or non-RFG/methane fuel (step 202).

The many features and advantages of the invention are
apparent from the detailed specification, and thus, it is
intended by the appended claims to cover all such features
and advantages of the invention which fall within the true
spirits and scope of the invention. Further, since numerous
modifications and variations will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and operation illustrated and described,
and accordingly, all suitable modifications and equivalents
may be resorted to, all of which may fall within the scope of
the invention.

What is claimed is:

1. A method of determining the type of fuel used by a
vehicle, comprising:

receiving first data collected by an emissions sensor,

wherein the first data corresponds to a plurality of
measured hydrocarbon concentrations in a vehicle
exhaust stream;

receiving second data collected by the emissions sensor,

wherein the second data corresponds to measured
nitrogen-oxygen compound concentrations in the
vehicle exhaust stream;

identifying at least one hydrocarbon threshold level cor-

responding to a first fuel type;

comparing the first data to at least one of the hydrocarbon

threshold levels; and

determining whether the measured hydrocarbon concen-

trations correspond to at least one of the hydrocarbon
threshold levels;

identifying at least one nitrogen-oxygen compound

threshold level corresponding to the first fuel type;
comparing the second data to at least one of the nitrogen-
oxygen compound threshold levels; and

determining whether the measured nitrogen-oxygen com-

pound concentrations correspond to at least one of the
nitrogen-oxygen compound threshold levels.

2. The method of claim 1 wherein the first determining
step determines that the measured hydrocarbon concentra-
tions do not correspond to at least one of the hydrocarbon
threshold levels, and the method comprises the additional
steps of:

identifying at least one hydrocarbon threshold level cor-

responding to a second fuel type;

comparing the data to at least one of the hydrocarbon

threshold levels corresponding to the second fuel type;
and

determining whether the measured hydrocarbon concen-

trations correspond to at least one of the hydrocarbon
threshold levels corresponding to the second fuel type.
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3. The method of claim 1 wherein the second determining
step determines that the measured nitrogen-oxygen com-
pound concentrations do not correspond to at least one of the
nitrogen-oxygen compound threshold levels, and the method
comprises the additional steps of:
identifying at least one nitrogen-oxygen compound
threshold level corresponding to a second fuel type;

comparing the second data to at least one of the nitrogen-
oxygen compound threshold levels corresponding to
the second fuel type; and

determining whether the measured nitrogen-oxygen com-

pound concentrations correspond to at least one of the
nitrogen-oxygen compound threshold levels corre-
sponding to the second fuel type.

4. The method of claim 1 wherein the first fuel type is
selected from the group comprising diesel fuel, gasoline,
compressed natural gas, methanol, reformulated gasoline,
and liquified petroleum gas.

5. The method of claim 1 wherein each identifying step
comprises retrieving the at least one threshold level corre-
sponding to a first fuel type from a computer memory.

6. The method of claim 1 wherein at least one of the
threshold levels comprises a percentage, and correspon-
dence in at least one of the determining steps comprises a
determination that the measured concentration is equal to or
greater than the percentage.

7. The method of claim 1 wherein at least one of the
threshold levels comprises a range, and correspondence in
the at least one of the determining steps comprises a deter-
mination that the measured concentration falls within the
range.

8. The method of claim 1 wherein the first fuel type
comprises diesel fuel, and the first comparing step comprises
comparing measured concentrations to threshold levels of
methane and carbonyl species and the second comparing
step comprises comparing measured concentrations to
threshold concentrations of nitrogen dioxide.

9. The method of claim 1 wherein the first fuel type
comprises compressed natural gas, and the first comparing
step comprises:

summing measured concentrations of alkanes, alkenes,

alkynes, and methane; and

comparing the measured concentration of methane to the

total sum of alkanes, alkenes, alkynes, and methane.

10. The method of claim 1 wherein the first fuel type
comprises liquified petroleum gas, and the first comparing
step comprises:

determining a total hydrocarbon measurement comprising

a sum of measured concentrations of alkanes, alkenes,
alkynes, and methane;

determining a percentage of propane relative to the total

hydrocarbon measurement; and

determining whether the percentage of propane exceeds a

predetermined propane threshold.

11. The method of claim 1 comprising the additional steps
of:

identifying relative concentrations of carbon, hydrogen,

and oxygen that are typical for a reference fuel;
determining whether the relative concentration of oxygen
is greater than zero;

selecting, from the plurality of measured hydrocarbon

concentrations, a first concentration corresponding to
alkanes and a second concentration corresponding to
methanol and reformulated gasoline species;

scaling the first concentration and the second concentra-

tion to adjust for at least one interference; and
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comparing the first concentration and the second concen-
tration.

12. A method of determining the type of fuel used by a

vehicle, comprising:

receiving data collected by an emissions sensor, wherein
the data corresponds to a plurality of measured hydro-
carbon and nitrogen-oxygen compound concentrations
in a vehicle exhaust stream;

calculating, for each of a plurality of possible fuel types,
an associated probability, the associated probability
corresponding to the plurality of measured hydrocar-
bon and nitrogen-oxygen compound concentrations;

selecting, from the associated probabilities calculated in
the calculating step, a highest probability; and

reporting the possible fuel type having the associated
probability that is the highest probability.
13. The method of claim 12 wherein:

one of the possible fuel types comprises diesel fuel;

the first calculating step, when performed for diesel fuel,
comprises comparing measured concentrations to
threshold levels of methane and carbonyl species; and

the second calculating step, when performed for diesel
fuel, comprises comparing measured concentrations to
threshold concentrations of nitrogen dioxide.

14. The method of claim 12 wherein one of the possible
fuel types comprises compressed natural gas, and the first
calculating step, when performed for compressed natural
gas, comprises:

determining a total hydrocarbon measurement comprising

a sum of measured concentrations of alkanes, alkenes,
alkynes, and methane;

determining a percentage of methane in the total hydro-

carbon measurement; and

determining whether the percentage of methane exceeds a

predetermined methane threshold.

15. The method of claim 12 wherein one of the possible
fuel types comprises liquified propane gas, and the calcu-
lating step, when performed for liquified petroluem gas,
comprises:

determining a total hydrocarbon measurement comprising

a sum of measured concentrations of alkanes, alkenes,
alkynes, and methane;

determining a percentage of propane in the total hydro-

carbon measurement; and

determining whether the percentage of propane exceeds a

predetermined propane threshold.

16. The method of claim 12 wherein the possible fuel
types comprise at least one of methanol and reformulated
gasoline, and wherein the first calculating step, when per-
formed for methanol or reformulated gasoline, comprises:

identifying relative concentrations of carbon, hydrogen,

and oxygen that are typical for a reference fuel;
determining whether the relative concentration of oxygen
is greater than zero;

selecting, from the plurality of measured hydrocarbon

concentrations, a first concentration corresponding to
alkanes and a second concentration corresponding to
methanol and reformulated gasoline species;

scaling the first concentration and the second concentra-

tion to adjust for at least one interference; and
comparing the first concentration and the second concen-
tration.
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17. A system for determining the type of fuel used by a
vehicle, comprising of:
an open path emissions sensor capable of measuring a
plurality of measured hydrocarbon and nitrogen-
oxygen compound concentrations in a vehicle exhaust
stream;
a processor in communication with the emissions sensor;
and
a memory in communication with the processor;
wherein the memory contains computer program instruc-
tions that are capable of instructing the processor to:
retrieve, from a database, at least one hydrocarbon
threshold level corresponding to a first fuel type;
compare the measured hydrocarbon concentrations to
at least one of the hydrocarbon threshold levels; and
determine whether the measured hydrocarbon concen-
trations correspond to the at least one hydrocarbon
threshold level;
retrieve, from a database, at least one nitrogen-oxygen
compound threshold level corresponding to the first
fuel type;
compare the measured nitrogen-oxygen compound
concentrations to at least one of the nitrogen-oxygen
compound threshold levels; and
determine whether the measured nitrogen-oxygen com-
pound concentrations correspond to at least one of
the nitrogen-oxygen compound threshold levels.
18. The system of claim 17, wherein the memory contains
additional program instructions so that, if the processor
determines that the measured hydrocarbon concentrations
do not correspond to at least one of the hydrocarbon thresh-
old levels, the processor may be further instructed to:
identify at least one hydrocarbon threshold level corre-
sponding to a second fuel type;
compare the measured hydrocarbon concentrations to at
least one of the hydrocarbon threshold levels corre-
sponding to the second fuel type; and
determine whether the measured hydrocarbon concentra-
tions correspond to at least one of the hydrocarbon
threshold levels corresponding to the second fuel type.
19. The system of claim 17, wherein the memory contains
additional program instructions so that, if the processor
determines that measured nitrogen-oxygen compound con-
centrations do not correspond to at least one of the nitrogen-
oxygen compound threshold levels, the processor may be
further instructed to:
identify at least one nitrogen-oxygen compound threshold
level corresponding to a second fuel type;
compare the measured nitrogen-oxygen compound con-
centrations to at least one of the nitrogen-oxygen
compound threshold levels corresponding to the second
fuel type; and
determine whether the measured nitrogen-oxygen com-
pound concentrations correspond to at least one of the
nitrogen-oxygen compound threshold levels corre-
sponding to the second fuel type.
20. A system for determining the type of fuel used by a
vehicle, comprising:
an emissions sensor capable of measuring a plurality of
measured hydrocarbon and nitrogen-oxygen compound
concentrations in a vehicle exhaust stream;
a processor in communication with the emissions sensor;
and
a carrier in communication with the processor;
wherein the carrier contains computer program instruc-
tions that instruct the processor to:
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calculate, for each of a plurality of possible fuel types, a means for comparing the measured hydrocarbon con-
a first set of associated probabilities, the first set of centrations to at least one of the hydrocarbon threshold
associated probabilities corresponding to the plural- levels to determine whether the measured hydrocarbon
ity of measured hydrocarbon concentrations and the concentrations correspond to a corresponding fuel type;
plurality of measured nitrogen-oxygen compound 5 a means for identifying at least one nitrogen-oxygen
concentrations; and compound threshold level corresponding to at least one
select, from the associated probabilities calculated by of the fuel types; and

the processor, a highest probability.
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